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(54) PLASMA TREATMENT DEVICE 

(57)Abstract: 

PURPOSE: To uniformly apply a high frequency bias 
voltage to a base to be treated, and improve the 

uniformity of treatment. 

CONSTITUTION: A microwave inlet windov/ part has a 
slit electrode 14 capable of transmitting microwaves and 
a dielectric plate 1 5 having a plurality of through-holes 
15a on the plasma side of the slit electrode 14. A high 
frequency bias voltage is uniformed because Is applied 
from a base holder 9 to the slit electrode 14 in the 
direction laid along the magnetic force line through the 
plasma, and uniformity of treatment is improved. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word v/hich can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The raw gas of this processing interior of a room is plasmaHzed using the electron 
cyclotron resonance phenomenon v/hich happens from a microwave entrance window by the 
electric field generated by the microwave introduced into the processing interior of a room, and 
the magnetic field. In the plasma treatment equipment which irradiates the processed member 
which laid this plasma in the processing member holder, and impresses high frequency bias 
voltage to said processed member holder, and controls the ion energy in the plasma Plasma 
treatment equipment characterized by forming the dielectric plate which has two or more 
through tubes in the plasma side of the electrode of the shape of a slit which can penetrate 
microwave to the plasma side of said microwave entrance window in the location which the line 
of magnetic force which passes said processed member holder crosses, and this slit electrode. 
[Claim 2] It is plasma treatment equipment characterized by forming said two or more through 
tubes in the shape of [ long and slender ] a slit in claim 1. 

[Claim 3] Setting to claim 1, said tv/o or more through tubes are circular or plasma treatment 
equipment characterized by being formed in an ellipse or a rectangle. 

[Claim 4] It is plasma treatment equipment characterized by setting the width of face of said 
through tube, or the dimension of a path to 0.1mm - 1.0mm in claim 1. 

[Claim 5] It is plasma treatment equipment characterized by preparing so that said through tube 
may be located directly under the electrode plate of the electrode of the shape of said slit in 

claim 1. 

[Claim 6] It is plasma treatment equipment characterized by having the slot which forms an 
exhaust air path for the electrode of the shape of said slit to carry out evacuation of the slit 

clearance in claim 1. 

[Claim 7] It is plasma treatment equipment characterized by embedding the electrode of the 
shape of said slit so that free space may not occur into the slot formed in said dielectric plate in 
claim 1. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

I This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3,In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[industrial Application] This invention relates to the equal high frequency bias impression means 
in the plasma treatment equipment which is applied to the plasma treatment equipment which 
performs surface treatment of a processed member by the plasma generated using microwave, 
especially impresses high frequency bias voltage to a processed member like a microwave 
plasma CVD system or a microwave etching system. 
[0002] 

[Description of the Prior Art] As shown in drawing 4 , after this conventional kind of plasma 
treatment equipment carries out evacuation of the inside of the processing room 7 with the 
exhaust air means 12, it introduces gas from the source 13 of gas supply, and regulates the 
pressure of it to a required pressure. Form a magnetic field with a reinforcement of 875 gauss in 
the part in this processing room 7 with the magnetic field generating means 8, and the electrode 

5 and the dielectric plate 6 of a waveguide 3, the dielectric plate A, and the shape of a slit in 
which microwave transparency is possible are minded from the microwave generator 1. For 
example, a lifting and the high-density plasma are generated for a electron cyclotron resonance 
(ECR) to the part in this processing room 7 by introducing the 2.45GHz microwave 2. When the 
substrate holder 9 is formed in the processing room 7 and it carries out plasma treatment of the 
substrate (illustration abbreviation) as a processed member, it is the configuration of laying this 
substrate on the substrate holder 9 by the vacuum robot hand (illustration abbreviation), and 
impressing high frequency bias voltage through a capacitor 10 if needed from RF generator 1 1. 
[0003] This high frequency bias voltage is impressed through the plasma and the dielectric plate 

6 between the substrate holder 9 and the grounded slit electrode 5. 

[0004] In such conventional plasma treatment equipment, the amount of ion irradiation to a 
substrate becomes uneven [ the bias voltage concerning a substrate ] to an ununiformity, and 
etching in a substrate or distribution of sputtering serves as an ununiformity. This inclination will 
become remarkable if the frequency of high frequency bias voltage becomes low. This is because 
it is impressed by the slit electrode 5 with which high frequency bias was grounded through the 
plasma and the dielectric plate 6. 

[0005] The impedance of a dielectric is capacitive, and in inverse proportion to the frequency of 
high frequency bias, the impedance of a dielectric plate increases, so that it becomes a low 
frequency. On the other hand, although electric conduction is borne that the electron light in the 
plasma of the direction where the plasma impedance in a magnetic field crosses line of magnetic 
force has coiled around line of magnetic force, and it cannot move easily, but it is hard to be 
influenced of line of magnetic force since ion is comparatively heavy, delay arises on a current 
for inertia! force, and it can express as an inductance equivalent. 

[0006] For this reason, since the plasma impedance of the direction where line of magnetic force 
is crossed in the case of the comparatively high high frequency bias voltage of a frequency 
becomes large and the impedance of a dielectric plate becomes sufficiently small to a plasma 
impedance, this high frequency bias voltage penetrates the dielectric plate 6 easily, and is 
impressed between the substrate holder 9 and the slit electrode 5. 
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[0007] Hov/ever, when the impedance of the dielectric plate 6 v/ill increase when the frequency 
of high frequency bias voltage is low, a plasma impedance will decrease, for example, the high 
frequency bias voltage of 400kHz is impressed, the impedance of the dielectric plate 6 serves as 
a big value compared with the plasma impedance of the direction which crosses line of magnetic 
force, and comes to require this high frequency bias voltage between the substrate holder 9 and 
the grounded vessel wall of the processing room 7. For this reason, the ununiformity of bias 
voltage will arise with the plasma impedance of the direction which crosses line of magnetic 
force. 

[0008] And the ununiformity of this bias voltage serves as a failure of the homogeneous 
improvement in sputtering or etching processing while causing a charge-up damage given to the 

LSI substrate under processing. 
[0009] 

[Problem(s) to be Solved by the Invention] As mentioned above, the bias voltage concerning a 
processed member became an ununiformity, and the plasma treatment equipment which 
impresses high frequency bias voltage had the problem which causes a charge-up damage or an 
ununiformity generates in sputtering or etching processing, when the frequency of high frequency 
bias voltage became low. 

[0010] In the plasma treatment equipment which impresses high frequency bias, the purpose of 
this invention is to equalize high frequency bias and realize homogeneous improvement in the 
dissolution of a charge-up damage, or processing, even when the frequency of the high 
frequency bias voltage to impress is low. 
[0011] 

[Means for Solving the Problem] This invention piasma-izes the raw gas of this processing 
interior of a room using the electron cyclotron resonance phenomenon which happens from a 
microwave entrance window by the electric field generated by the microwave introduced into the 
processing interior of a room, and the magnetic field. In the plasma treatment equipment which 
irradiates the processed member which laid this plasma in the processing member holder, and 
impresses high frequency bias voltage to said processed member holder, and controls the ion 
energy in the plasma It is characterized by forming the dielectric plate which has two or more 
through tubes in the plasma side of the electrode of the shape of a slit which can penetrate 
microwave to the plasma side of said microwave entrance window in the location which the line 
of magnetic force which passes said processed member holder crosses, and this slit electrode. 
[0012] And said two or more through tubes are characterized by the shape of a long and slender 
slit, and forming in circular, an ellipse, or a rectangle. 

[0013] Moreover, it is characterized by setting the width of face of said through tube, or the 
dimension of a path to 0,1mm - 1.0mm. 

[0014] Moreover, said through tube is characterized by preparing so that it may be located 

directly under the electrode plate of the electrode of the shape of said slit. 

[0015] Moreover, it is characterized by forming the slot which forms the exhaust air path for 

carrying out evacuation of the slit clearance to the electrode of the shape of said slit. 

[0016] Moreover, the electrode of the shape of said slit is characterized by embedding so that 

free space may not occur into the slot formed in said dielectric plate. 

[0017] 

[Function] Since the high frequency bias voltage (10kHZ-30MHz) impressed to inter-electrode 
[ of the shape of a processed member holder and a slit ] acts on the processing interior of a 
room through two or more through tubes opened in the dielectric plate, it requires equal bias 
voltage for a processed member, and its homogeneity of processing of a processed member 
improves. 
[0018] 

[Example] Hereafter, a drawing explains one example of this invention. 

[0019] Drawing 1 is plasma treatment equipment in which one example of this invention is shown, 
and attaches and explains the same reference mark to the same configuration means as the 

conventional plasma treatment equipment shown in dravv^in g 4 , 

[0020] The plasma equipment of this example is equipment which generates the plasma by 
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2.45GHz microwave. The microwave 2 outputted from the microwave oscillator 1 is led to a 
waveguide 3. and is introduced into the processing room 7 through the dielectric plate 15 which 
has the dielectric plate 4, the slit electrode 14 which can penetrate microwave, and two or more 
through tube 15a. The processing room 7 introduces and regulates the pressure of gas from the 
source 13 of gas installation, after being exhausted by the exhaust air means 12. and it 
generates the plasma of high density by the microwave 2 which made 875 gauss a part of 
magnetic field strength in this processing room 7, and introduced it. 

[0021] The substrate holder 9 which can impress the high frequency bias voltage of 10kHz - 
30MHz is formed in the processing room 1, high frequency bias voltage is impressed if needed, 
and plasma treatment of the substrate (illustration abbreviation) laid in the substrate holder 9 is 
carried out. 

[0022] The microwave installation window part to the processing room 7 has sandwich structure 
which sandv/iched the metallic slit electrode 14 v/hich can penetrate microwave with two 
dielectric plates 4 and 15. The **** mode in a microwave waveguide 3 is the circular TE11 mode 
usually used v/ell generally. 

[0023] The slit electrode 14 is formed in the thickness of 0.2mm for example, of stainless steel 
material. This thickness is because the parasitism plasma by microwave will not stand in this 
clearance if it is the about 0.2mm clearance formed of slit 14a of this slit electrode 14, and 
material strength even with the sufficient thickness of 0.2mm will be obtained if it is stainless 
steel material. 

[0024] The near dielectric plate 4 facing the atmospheric pressure of the slit electrode 14 is 

formed in the thickness from which the reinforcement which bears atmospheric pressure with 
the small quartz glass of dielectric loss is obtained. 

[0025] Moreover, the dielectric plate 15 for the slit pattern of this slit electrode 14 to prevent 
imprinting to the substrate which is a processed member is formed in the side which touches the 
plasma of the slit electrode 14, This dielectric plate 15 is a product made from quartz glass with 
a thickness of 3mm, and two or more through tube 15a is formed. The width-of-face dimension 
of this through tube 15a is formed in 0.1mm ~ 1mm. If this is a 0.1mm - about 1mm clearance, it 
is for the pattern of this through tube 15a not to imprint to a substrate. Moreover, this through 
tube 1 5a is prepared so that it may be located directly under the polar zone of the slit electrode 
14 put side by side. Since this dielectric plate 15 has a possibility of damaging if it is thin and 
differential pressure arises in a slit electrode [ of the dielectric plate 15 ], and plasma side, it 
makes it the structure which can carry out evacuation by the bypass exhaust air system 
(illustration abbreviation) between each slit of the slit electrode 14. 

[0026] When high frequency bias voltage is impressed to the substrate holder 9, according to 
such plasma treatment equipment, this high frequency bias voltage can be directly impressed in 
the almost parallel direction between a substrate (illustration abbreviation) and the slit electrode 
14 through the plasma to line of magnetic force with a small plasma impedance. Therefore, bias 
voltage concerning a substrate can be mostly made into homogeneity, and homogeneous 
improvement in the dissolution of a charge-up damage or processing can be realized, 
[0027] Drawi ng 2 shows the polymerization structure of a slit electrode and a dielectric plate in 
other examples of this invention v/hich deformed. As said example explained, in order to prevent 
breakage of the dielectric plate 15, it is necessary to carry out evacuation of the inter-electrode 
(slit clearance) 14a of the slit electrode 14. Said example requires time amount for carrying out 
evacuation of each slit clearance 14a, although, as for the slit electrode 14, structure has a 
simple advantage. Therefore, the slit electrode 14 in this example which deformed is equipped 
with slot 14b which forms the exhaust air path which opens between each slit clearance 14a for 
free passage. Since other configurations are the same as that of the example mentioned above, 
illustration explanation is omitted. 

[0028] According to such an example, even if it exhausts the slit electrode 14 section at a high 
speed, it can prevent that big differential pressure occurs and the dielectric plate 15 is damaged. 
Moreover, it becomes possible to make the dielectric plate 15 still thinner, the temperature rise 
of this dielectric plate 1 5 by the heat input from the plasma becomes large by making this 
dielectric plate 15 thin, the secondary effect of being hard to deposit an affix on the body 
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maintained by the elevated temperature is also acquired, and contamination of the dielectric 
plate 1 5 can be prevented. 

[0029] Drawing 3 shows the polymerization structure of a slit electrode and a dielectric plate in 
the example of further others which becomes this invention which deformed. The description of 
this example is deformation of the dielectric plate 15 which has two or more through tubes. 
Although, as for the dielectric plate 15 in said two examples, structure has a simple advantage, 
when slit clearance 14a of the slit electrode 14 forms free space and makes gas pressure 
comparatively a high pressure (0.1 - 5Torr). the abnormality discharge by this slit clearance 14a 
may become a problem. This example is what took these measures against abnormality 
discharge, and is the configuration which processed the dielectric plate 15, formed slot 15b, and 
inserted the slit electrode 14 in this slot 15b, or this slot 15b section was made to vapor-deposit 
a metal, and formed the electrode 14. 

[0030] According to this example, even if it is the case where plasma treatment is comparatively 
carried out with the gas pressure of a high pressure, it is effective in the ability to prevent that 
abnormality discharge occurs in the slit electrode 14 section. 



[Effect of the Invention] According to this invention, since high frequency bias voltage can be 
made to act on a processed member holder at homogeneity, the dissolution of a charge-up 
damage and the homogeneous improvement in plasma treatment are realizable to a processed 
member. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

I .This document has been translated by connputer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drav/ings] 

[DrawlngJ[] It is the vertical section side elevation of the plasma treatment equipment in which 
one example of this invention is shown, 

[Drawin g 2] It is the perspective view showing the polymerization structure of a slit electrode 
and a dielectric plate in other examples of this invention. 

[Drav^ing 3] It is the perspective view showing the polymerization structure of a slit electrode 
and a dielectric plate in the example of further others of this invention. 

[Drawing 4] It is the vertical section side elevation of conventional plasma treatment equipment. 
[Description of Notations] 

1 Microwave Oscillator 

2 Microwave 

3 Waveguide 

4 Dielectric Plate 

7 Processing Room 

8 Magnetic Field Generating Means 

9 Substrate Holder 

10 Capacitor 

1 1 RF Generator 

12 Exhaust Air Means 

13 Source of Gas Installation 

14 Slit Electrode 
14a Slit clearance 
1 5 Dielectric Plate 
15a Breakthrough 



[Translation done.] 
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